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(54) METHOD AND DEVICE FOR TRANSMITTING SIGNAL IN COMMUNICATION SYSTEM 
AND TRANSMITTER AND RECEIVER USED IN MIMO SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and a 
device which can process signals to be transmitted from 
various antenna, for improving the capability of a 
receiver that extracts these transmitting signals from 
the received signals, regardless of some correlations in a 
MIMO system. 

SOLUTION: The number of bit streams to be 
transmitted simultaneously is adjusted and decreased, 
according to the correlation level, and at the same time 
plural versions of every bit stream weighted in various 
ways are transmitted at the same time. These weighted 
versions are coupled together for generating a single- 
coupled weighting signal. A receiver processes the 
received signals, as through all signals arrived at a 
receiving antenna with no correlation. A weight vector 
can be decided with a forward channel transmitter, by 
making use of the channel characteristic of a forward 
link that is notified to a transmitter of a forward link 
when the channel characteristic is transmitted from a 
receiver of a forward link via a transmitter of a reverse link. 
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(2) 



jM<B $ n ^1 •!) li: © ffi # © ^ CD ^ ^ ^ b T ^ ffi ^ n ^ 

h U -AO'S -fe© 1 -DSriS-g-rSXT^y y t ^^r-S 

'm-t^X'rv-f^-^^\z^t^^t^i^mtt^mim 
imim 5 ] WSfi^li, 

fT3?iJ5S;Ht (kN) H = U t A2uSr<ii<7.5^>;/7''i. 

1 



*\2 



■y 



<I> = Ufdiag .... A~M) U(DfT?'J*^^» 

[^2] 



10 



20 



30 



40 



so 



TabD, j til *^e>N4f ©s 
a^^j-^i' h;L'Wi= [wil. .... 

^yT'iUJcO^^^n, ^:ix. 

kN ^^^^^J'l^ff^JT^D, 

V\t. ^.mrmx$)K). -f-OS-fftt, Ht (kN) h© 

AH. A=diag (A J aM) iLT^«Sn-5?^ 

a1 aMh, Ht (kN) H©#H*MTafeO, 

MJi, WI5ffi3t©M-^©^fcJsf|Jj-r-5^ifPH^M©* 

±WLXhK). 

kH, 1 ?&^e.MST©S^©fi^T&0, 

+ ■?-©7-=^^:i>^>h*5-ftTab-5t€-fe*D}c:^o, 

h t LTEB $ tl -5 ;i i b , 

fT^J4>©#3?iJH, <!>= [z], .... ZN ] \Z^K>m^n 

^iEmit-^nfcm.3^^^h)vtvx^m^n. WiUiEm 

zj= [zji, .... z t^i^tiO. iHl*^eN*T 
©llicT$>-5 :i <i:S#m<J:-r-5W*« 1 Em©;&&. 
[gS*^6] Lfl©g{t^T>7':fSr*-r?>Sffitl^ 

:^ © 3 -fe © 2 -D * 3 -rp Jii± j; 0 Sfi $ n -5 «^ 

2i« $ ffis ©m #©iS[ * J6 © ^© i: . 

MENe© jg« 7 >x e> WIBL ffl©Sfi7 >5^:h'\ 
nf#S3ffii:©<t^©SS:©^>er tr^ LTitm ^ ti^S 

fiK1-«fcfe©^gi, 

•y-^^x h U -Aafe^c DNlH©*^^*-{^lj-$tlfcit7*;^ h U 

yf-i-O'^^lzMLX. hU -A ©€■>«? 2:N 

lSI©fi^Tfi*#{t1- § ;t «?)©^f5 i , 

fit tBitft 7 >-3F © a- {I ^ ii^fffl^ S ±J5g-r -5 
&iZ. m^xkm7>y'i-(D^A},znLX. iltlB-y-^'T. N 
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(3) 

3 

h U -AOi*.© 1 ■=)$rig^-r^fcse)©^©t SWT?) 

«Afcii«tiSfectotMss«a*^ e.Mfe3l{i^'va{t-r 
^ j^) CD M:^ iP] 5^ ^ 1" -2) Jiff >- ;^ X A "t" Tit # 

:^CD 5 -fe CD 2 o S 3 -:PtJ!.±{w J; D n-Sll-^ftJ 

r s ;t «e> <353ffi:&iB)f^ ^ ^ ® « 7. 5^ A ■f' Til 

mfi$n#ssfei:(D{f-^cDisfccD^-«t;:MLT2iii$n-5 « 

>x:^^D=§■^{'^LT, itrSBi}-:/7. h u -Aco^^ <£N 

ib\Z, mrlBjiiI7>-ry-ro#^tc>RfLT, t(lJB+)-7'7> N 



4 

A CD ^ S: -5 O X ^ 7 :f □ 3 > A*- 
[W*:S13] Wffi7:t-n/7*^M$nfclS-&$nfca 

1 1 ^mommm. 

tm^m^^zsmE=fi^^^WLnmm^miz!t^CT. m 

1 tBilcDiSftm. 

ta. MIB3j6;&!p]5^+:r^;i.$:n-bTt&iB3t««(rSHl^n 

imi^m 1 6 ] Bismm^it. 

fr^iJ^Ht (kN) H=U t A2uS:jS<7.x>v7't, 

mi] 

Tt 1 

a ) 

&v{r-OViT»< C:i:t;:J;0, WtfiH^rttA i£':>;j--i5' 

-7^" u>i^-r-&;^T--y7't, 

a>==Utdiag A~M) UOfTJiJ<I>^^g 

CDWtBa^CD:S.^ li. 




Ht *titB5^-i^;i'>;i^jS;:§:ff^JH(D^®teHfT?iJTafe 

UH, *{4fT5iJTafeO, ^©#ffH, Ht (kN) h© 
A\i, A=diag (a1 aM) iLTS«sn-5*f 

AMti, Ht (kN) H©#@^«T*0, 

M(S. HflfB$6liO{f^®&tpt<t-i^^-r-&#ifnEg^Mcofg 
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(4) 



fT?iJ3>©#5njn, <j,= [zj 2N ] (cj;0^$n 

zi= [zii z ifj] *ie>/^t), iHl*^e>N*T 



(TDD) ^mmhxmmv. wea^tt. mifsjiffl 

^ti-^M I MOi^7sy'A'px'&.m-ri>rz«b<Dmmmo 
mir^rztb(D^mmo 

(o^mm^mmt^rzst)(Dm:^\^^^'^-^ju0rzisb(Dmm 



10 



20 



30 



40 



^}\^comwmiz^r)&.mt^fzt()<Dmsif-^mM 

■r^tzib<Dm^SfM^t=S:^V. 

fr^^Ht (kN) H=Ut A2u$^<7.7^y^t, 

1] 

1 



^' =(v- 



*\2 



•r 



^v\z-D\,^xM<ztiz^io. mm 

*=Ul"diag .... A~M) \J 0'fim<S? 

[iS2] 



BO 



Mi^^i? h;i/Wi= [wji wj}}] SrSfe^f^Xx 

Ht ti, HiffB5^i':t-;i^jE£;c¥fTJiJH©^^SteSfTJ!lT*b 

Uti. ^{itT5?!lT*D. -^-O^fr^. Ht (kN) H© 

Att, A=diag (a1 aM) tbTS^Sn-S^if 

a1. .... aMu, Ht (kN) H®:&@*MT*0> 



<(trjf1 2001-237751 (P200; -237751 A) 
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fT?iJ<I>C0^3?iJ«. [zi, .... zn] {rJiD^^tl 

zi=[zii z ijj] ittlT&ifeNST lo 

■r •& ii) jS* ifij 5^ ^ ; p ^ wr -5 -> X X A T « 

T > -T- :^ s-:/Mx T Sim ^ n s ^ X - :^)^ f# c n/c -y- 

ft $ n # -5 ffiH O <i ^ M OD £ St 3£ -r -5 7> 5^ ^ # 
ff?iJS;Ht (kN) H=Ut A2u^«<7.7-<;/yi:, 

4> = U^diag (A~l A~M) UCOff J^iJ<I>^^gE 

a^-^i' h;uwi= [wji wjM] s:^^-r5xx 



8 

Uti, ^ffifT?iJT*D, -^-OD^ffii, Ht (KN) H© 
Att, A=diag (Al, .... aM) tUT£«$tl-5*r 
Al, .... AMji, Ht (kN) H©#a*ffiT*t), 

h i U T E a $ n -& i S ^ L- , 
ff^^O^JiJI-i, «J>= [zi, .... ZN ] tlcfcD^^n 

zi=[zil z ^i&T^tD, iHl*^e>N*T 

[0 0 0 1] 

•o^mmiz^i^'zm^<D7>y^i-^&.m-r^U'i-^ux 

•:f)l7'yh-:fyh (MI MO) vXT^AfCM-r-S. 
[0 0 0 2] 

f-yyh (MIMO) ->>i^;i/7>x:^. 
':^)l^7>7'±M->>'ir)U7>y'±(D->Xy'A\Zit^Xm 

[0 0 0 3] 

mz. ■^)v=f-:f)v^m7>7"r\zwMt^u^ts.mnf)^ 

/1 7 * - V >7. jJtiST L *^-3Sg;^tSi^--r -5 . 
[0 0 0 4] 
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S 

^. rjt^i^-j; hJKtransmit vector) J ^± 

[0 0 0 5] *%BJoj|;teJg^{ci5ViT, fii^^'^i; h)V 
(weight vector) Ml^r^U >d7©SlfS:^t: j; tijii 

[0 0 0 6] m^^i7 h)\'^^^-t^iti^\z&.m^ti^ 
^i^^^w.\z^^^xm-&-^nrzt^'^itixu=i-m(D^^Wi 

ff J!l (covariance matrix) 
[0 0 0 7] 

[^s^onjEoj^si] mmzfuyip r:7'D-tyy-j ^-^ 

Y'Ojujm.mzm^ts.'jy V'O^LTt.a^m^xvy}-^ 
[0 0 0 8] Sfc, ryp-fey-y-j *fcti r=i>hp- 

S?$^a-5'<#-jrtt7i<. z.n\zWi^-^n^'h<DXt^\\ 
ffi. =fi^^ )V>'^-)-}Vfnty^ (DSP) A-Kii^x 

(ROM) . ^>:S'*A7i7-t7.^^ U (RAM) ii^lS 40 
[0 0 0 9] t;e*(D*5j;tX/*;ttt^X^'A©ft!l<DA- 

[0 0 10] mi\i.. )ii;&i^^^.t^;u±^Lfic^$jt7 



10 

[0011] @ 1 {ijsViT, a) 7'v;i/5'7^lx-i71j- (de 
mux) 10 1, b) 7>5^:hfi-§-5^^'^n.;;/xi 0 3- 1 
TiliLl 0 3-NSr^£r7>x:^«#5^^'^p.;/Al 0 
3, c) a,?>.tt^i|l 0 5, d) 7>7"^1 0 7 - Ifj: 
V^Ll 0 7-NS:-&trNffl©7>x:M 0 7, e) 1 1 
5-lfj:Vibl 1 5-NS:-a-tr5^v^3';i//7:^Pi7*3> 
A— (DAC) 1 1 5, ^J;lXf ) 7'>:/ri>A*-^ 
1 1 7-l;^j:libl 1 7 -N^-^tr7>7'P>A*-5' 1 
1 7 5&i*$tlTV>^. 

[0 0 12] 5^v;i.5^7>^-y-l 0 1 A;^J<i:bT7^ 

l±l;^J5^-^'-y-:^X hU-A<i:bT«*&-r-&. 1 
0,^Nffl©ffl:^<D-5^©l-=>{c«i^$n#-&. 

2i« s n# ^ IS Fsi CD 7i t, i ffi^ CD sfc $ -ti- e. n « 

[0 0 13] &p^-:$'-y-:7-X h 'J-Att, 7>x:^ffi-^ 

T'^f '^pyAi 0 3©-5'6cDjt*)$;-r5i-s>trfti^sn 

^>^:J"fl-^5^-i'^Py>'t 1 0 3©'5 fi> 
a*:/pyi7 10 9- i;^j:ViL/l 0 9 -N<Do%<D1-o 

^^Tsmn^i 1 1 - i/i(.:.L 1 1 1 -N©p*.cDi-si 

S-^tf. 7>T-±'(t#x-)'^P'y;il 0 3©5*,(D#-* 

lr*5ViT, 7=^-5'-y-:7-x hU-A;5^. M^^'p 5- l o 

9«-5*,CD10©cf(D«|fgil 1 3 0#>«rfc#ti^$n 

[0 0 14] m^m^mi o sfi, jn^si i 

\zm^m.^m&-t ^ . ^%m(D—mmmmz^\/^x . a 

s±^-r-5;t«6oyp-fe;^<&, ierf\zmm-r^. 
[0 0 15] mwmi 1 sco^^ij, -^-tiA^gif-r-s-y- 
7*x hu-ASr-^ti*ts{i-rs*^!*-i*^-r^<, #6n 

ja#^i 1 \(D'^-h(D^n^m-o\z^^-^n 

■5. !t*(C> ^M^^'P-^^- 1 0 9<7DR#@(7)St;ggtJ; 
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[0 0 16] iO^iil 1 KD^Ait. ttliZXtl-^tl^ 
^n^taS-L. f#e.n^fa5:, DAC 1 1 5(D5%©-?- 

<Dmmir^^ti^ni-oiziiititLT^m-r^, dac 

> Kffi^{'^^-r?)o DAC 1 1 5©#^trctD±fiic$ 

[0 0 17] :$imm<D^m\z^^xm]$.-^rttz 

f. BI2tt, a) T^T^rJ-a 0 1 - l;&:liL2 0 1 -L 
^■&trLfi©7>-r:^-2 0 1 , b) :r':7>zi>>'N*-^7 2 
0 3-i;5:lib2 0 3-LS:^tr^'!7>n>/t— ^2 0 
3> c) 7i-uifXy^S?^')V:2>n—i' 2 0 5 - Iti.},-^ 

\^20 s--L^^t5T-^uir/=f'^^}Vzi>;t-^ (a 

DC) 2 0 5, d) m^=^w^6^mvin^^xs^^^}v 

m!^=L-yh2 0 7, e) ffi«W/fea*tHPg 2 0 9, 
[0 0 18] 7>y^i-2 0 l(7)#>*fi, Sii||<t^^§« 
ItS'X-f-cDfimWA'-v'a^^r^il^-r^. :S^':7>r]>;N* 

ADC 2 0 5CD^C75Mjl-r-S> 10^^*§-r^. AD 

C 2 0 5(D#>ertt, ^n*^§:«L,fc^-XA'> K7:?-P 

0 7\zmi^r^. 

[0 0 19] it^^^*^i-t!cfT^J*3J;tK5^^:?^;l/>S«n. 

d^#fiE-r * ;t i* itJ-S i $ n § . 
[0 0 2 0] T^*^i-iitfT?']©it^M*J;mi::&i^fT?iJ 

:^"fp|^T^'J5^■1rT^;^Jt^#co}tt^^t7J^■a*Itffis2 o 9 \z^ 



(7) 

^ (01) ic#fe*&-rs, 

[0 0 2 1 ] mz\t.. *^BjoMa(iije-pT> i/K&d^ 
^■^ti%^m^cD'&mii^u^mtm^ti^^^\z. l 

e> ^{§ai'va{i-r -s ^ » © ^ * 

[0 0 2 2] 03cC)yD-lr7.H, B 1 i5J:cX2 ©A- K 

'i' X 7 si^ffl-r^*^?^©*](ijg^{c43ViT^ffl sntt 
tX5"^^'^;i/js^3.- >v h 2 0 7 {cMi^$nT43t9, mm 

[0 0 2 3] :intt, AMWt'lS. ^m«{rj;0ct<» 
^Sr^KffiLT, >'X7^A5r^^T-5->X5^AX>v-7 

6-71/— Afi, 1 ■:3^feH2-:p£A±c9i?'f Axn>> h& 

i&fe-2>Bl«g14>5^afesyj7>:/;i/&*-r-&. a, 

[0 0 2 4] 0 3CDyp-feX.li, =&71/— A©SS*!3{r 
iSl^T, X^^yT'S 0 1 fC*3ViTWSS^n^. mz. X 

J;lX^^;Ti;l.^£;;:§::i-y h 2 0 7 (H2) ©J; •5/<£)li:i^ 
|fiJU>i'©S«ait'T*5£$n^. ^©^, X7^->7°3 

0 stcfei^T (03) , "^w^^minK^ ii^-a^^ 
> ^ (D'&mm^. mj3\Pi^) yip(D^m\zii'o^m-& 

[0025] Xx>yy30 7{i;teViT, ^J;ttfa^>.^^ 
IglOS (01) a^5>-Wi= [wj], • -, 

40 Wif}] ^i^l+^^n-S. dCLT. Hi, l*^&N*TO^ 

suit, ff^'i^SiHt (kN) Yi = \J A'^vmmt-^tl 

a) mt^^ ^■^)v^^Wiim. 

[0 0 2 6] c) kN Ji, T-*^^«tfT?iJ, 

d) uii#€5:ff?'J, -^-ro^^iJtt, (kN) hosiw 

50 h;^X'*-g)„ 
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13 

e) Att, A=diag (a1 aM) itT^Ri^n 

^^^Iff^^iJTife?), Al, ... , AM^i, Ht (kN) H 

f) Ut fT?iJU®^|gte«ff?iJT*S. 

to 0 2 7] ^L-T> J;<fte>nfcut)i0-s r-^it-^' 

-7^''J>if (water! ill ing) j ii^. v \zn\^xm.-^-)5 
g3^A~k= (v-l / (Ak) 2) +43j;y: 

[ic 1 ] ,0 

-1. 1 

k 

2:iS< ^litcio, H^rffiA^w■^^iT^^T$^a■^). zic: 

[0 0 2 8] grLViff^?iJ^H, 'l> = Utdiag 

(A~l A~M) UtbT^R^n. diagH, ftU 

#J|JH, ¥&m:t)lc»-:p'i,^T, <!)= [zi zn] 

S^^i? ffigijoa^^z. zi= 30 

[zii zjN] A^6.7i5. -^-LT, a^ji-^i7h;i^ 

wi= [wii, .... wijij] \t.. a^^^i? h;i/{;:fiJO^T 

[0 0 2 9] Xfy^Z 0 QtciJliT, Xfif—'S'T. h 

u-As (t) (Ell) n, #a^«xT;i'5^7'ki7-y-i 40 

0 1tCJ;0> NficD-y-:^;^ hU-AS]... SfifCl^J-SS^ 

v^T (0 3) , a^f.'^i? h;i'Wii. .... wiN®-€-n^ 

[0 0 3 0] X7^y7°3 1 3{Ci3liT. +t-:/Xh'J-A 

JlP^^l 1 1 (Cctt3*g-&$n.5. ;itl{;IWb 50 



14 

JO^^n, ^2 0Miz#.7&i&^t)-7*;^ NU-AH^bT^ 

ffl$tif#-&-y-:7'7> h u-Aco^(:*fjS-r^*>6T«>?., 

■^(Z)j;5;^j:-ifD-S-:/X hU-Att. loarsi 1 lf3j:0 
[0 0 3 1] @4ti, *%H^CDlSSirSe-;.T. IK 5.*^ 

iXSmSI*^ 6 Mil^'viift -r S a& ® jSS:/^ l^iJ5^ ^ 

#^§M I MOvX-rAlc:*3V^Tii«-r-5fc*©{f-^2: 
[0 0 3 2] 04(7)7'P-feXti, 01*5J;Uf2C[)A-K 

^» "Smmi 1 ifi, a*-it^i§2 0 <d\z.m^ 

04CDyD-t7.}C*fLT. 0 1 oa^-^i^ig 1 0 
5«> ^•^Jia^S:^* L^SlVi^t, a*ft3?ig 2 0 9 *i 

e.s{i$nfca^^^*(rfBitL, *»iii 

1 3 05-fe<D:^>!r;^t)CDtr-?-ne.&#ti^-r-5. 

[0 0 3 3] H4(D:/n-ir7.tt. &:7 a©S&^ 0 
x^y 7°4 0 3 t3i3iiT> Sm^iristtSTP^i^j-ifctTJiJ 

cfclX^^^-;^^£;^:x- N 2 0 7 m2) <D^^tim}5 

t^T, t»IAaa^?*.#tSitigl 0 5 (01) a^^*-w 

[0 0 3 4] glOtr, ffJiJSHt (kN) H=UtA2u 
a) H\t'^^:^)V^iSnn. 

c) kN li, =f^^^WLni^k 

d) UH¥{4fT?l -^-O^-^iJfS, Ht (kN) H(D@m 

e) AH, A=diag (a1. ... . aM) i:bT^»$n 
^*f:^ff?iJT*0« Al AMti, Ht (kN) H 

0, ^i^tiffiffl^ijift^-y-yx hu-A(Dis:t*fjc&-r 
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(9) 



]5 



[0 0 3 5] ■^LT> J;<^i=.tlfcVit?i$^ ^^it — ^ 
-y-<^}yif (waterfilling) j ii^. v\zniyXmiL^ 

[^1] 



a') 



[0 0 3 6] fibl.iff?y4>«, a> = U'fdiag 
(A~l A~M) UiiLTSftSn, diag 

ff?!l<t)®^>?ij(i, *&m:^}c:*t?ViT, [zi. ... 

, zn] i'J;os$n-?)iE^S'fb^nfcM^>--^i7 h;ptL 

Tffiffl$tl> ai!*.'^i7 fiS'Joa^'j.z, zj = 

wi= [wii wiN] \1. a^-^i' h;KCfyD^T 

[1^2] 




TfeD, j til A^6NST©Si:T*§. 
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